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NAVORD Report 2437,

DESIGN OF MAGNETIC CONTROL AMPLIFIER XM-13A

Prepared by:

Herbert H. Woodson

ABSTRACT: The design of the magretic control anplifier
AM-13L to drive the azimuth, roll, and plitch systems of
the Bomb Director AN/ASB-1 1s described, Jn these sys-
tems two motors are used, the BuCrd Murk 12 and BuOrd
Mark 15, 400-cycle servo motors. This control amplifier
drives both mctors with essentially the same dynamic
characteristics. The final design of the control ampli-
fier contains two half-wave, bridge-type, magnetic
amplifiers having two stages each. One amplifier drives
the motor and provides gain In the tachometer compensation
loop while the other amplifier 1s usad with positive
Integral feedbaclk around it to give integrating action.
The cascaded integrating network gl/zs the systzm a

zero velocity error.

Y. S. NiaVAL CADNANCE LABORATCRY
Whiie Oak ., Silver Spring, Maryland
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NAVORD Report 27,7 4 March 1953

The Bureau of Ordnance assligned to the WNaval Ordnance laboratory
tesk NOL-Re8-1-2-53 of whilci. oae problza was to design magmetic
control amplifiers for the !nt2nna of Eomb Director AN/ASB-1.
This report describes <he desizn of ons type of amplifier to
drive all the required systoms within thne dynamic specifica-~
tions, but does not include engineerinz for tempecature,
veltage, and frequency variatlons.

LDWARD T, WOQODYARD
captain, USN
Conmarder
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DES13N OF MAGNETIC :>ONTROL AMPLIFIER M-132A

INTRODUCTION

1. The specifications on the magnetic control amplifier for
the azimuth, roll; and pitel: systems of the Bomb Lirector
AN/ASB-1 are given in Table I. In addit'on, these specifica-
tions must be met using both the BuOrd Mark 12, 4#00-eycle
servomotor and the BuOrd Mark 16, 300-2ycle servomotor with
a mechanical syatem that reflects an irertia to the motor
shalt of approxlmately twic2 the motor inertia. The inertia
of the motors are approximately the saro; therefore, one
simulated mechanical srstenr can be use? for boith motors. The
gear ratio between motor ani control transformer is 1000: 1%,
Standard BuOrd &00-cycle, 115-volt synchros are used for error
detection.

|

R R Sl T B

2. Also shown in Table I are the perf:rmance charscteristics
of tne magnetic controi ampliflier XM-12A which was designed

: for this applicetion by the Magnetic Arpiifier and Servo-

- i mechanisns Group of the Magnetics Division.

e ey AR T R T T R VST S

Sysiem Specifications

3. The dynamic error at conatant velocity and the system
; bandwidtsn required by the specifications (see Tabls I) dictate
! . that som2 tyre of compensation be used. The specification on
' package size requirea that -he compensition be accomplished
by the m:thod that is simplest ard reqgiires the lezst equipmenc.
At the present time the simplect metho: of supplying compensa.-
tion to the system 18 ¢« half-wave1 briige-type, magznetic
amplifier with irtegra. feedback. Ah2a this type of compensa-
, . tion 18 used, the simpl.est over-sll 3y3tem willl _be obtained
é , : when ralf-wseve, btridge type magnetic arpliriersz are used to

b - e ——

! : otteln anplification in the system,

; ; 4., The z28r ratjo of 000:1 requires 11 amplifier gain not
. ; normally obtainable wiih a rz2asonable 1wber of cascaded half-
' : wave stazas. However, with lag or int2gpral compensation

added in cascade, the static gain can 3> Increased to the
proper value to rmeet tlhe gpecifications; in fact, ~hen inte-
gral comzensatior i3 uwred, tire statlic za:n 13 inflalte.

5. Thkis mggnetlc control amplifier mus: meet the 4AN-E-19 Alr
FPcrce-Navy Aercrauticel Specifications. Over the temperature,

. voltag2 aad frequency ranges, tre ampli’ler gain will change by a
saall amsunt. Wren, for the maximum gitn conditlos, the gysten
18 cesigned for zero veloci’y error usliyg the inteiral compen-
3ation described in reference (1), the rcmpensatioa will become

1
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lag compensation when the gain decreases. The chenge in gain
must be made small enough that the dynamic specirfications are
8still met with the lag compensation present at the minimum
gain condition . The amplifier gain change will depend upon
the care used in matching and selecting componente.

Qualitative Design
6. A zero-veloclty-error system, designed in accordance with

reference (1), will have the block diagram shown in figure 1.
The open-loop transfer function of this system is

C - K(TJwt+l) .
E  T(jo)2(Tpjo+l) Eq. (1)

where » is .e signal frequency, T 18 the integrator time
constant, iy 18 the output-member time constant, end K 1is
the static gain. The constants will be derived below.

7. Referring to figure 1, vhen the integrator time constant,
T, is larger than the output member tire constant, Ty, the
open loop function (equation (1)) will have the frequency
response characteristic shown in figure 2(a) and z(b). When
the gain, K, is sc adjusted that

2 Ce

; -1 Eq. (2)

. .

at the signal frequcney

1
aQ = -

NG Eg. (3)

and the loop is closed, the phase margin will be & meximum
and the system will be most stabie. If the maximim phase
margin indicated in figure =(b) is sufficiently large, the
loop may be closed at any one of & range of frequencies ahove
and below that given by equation (3) wtile maintaining
adequate system atability.

8. The proof thet maximum phase mar§1r occurs at the frequency
given by equation (3) 11es .n recognlzing that the only por-
tion of equation (1) with a frequency variant phase ehift 1is

oo + 1
Tpd® + 1 Eq. (5)

With the above stated :relation between T and Tp, the function
in equation (5) i3 a lead circuit, the characteristics and
normalized frequency-response curves ol which can be found

2
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in any_book on servomechanisms. Using such a set of normalized
curves-, the circuit parameters can be selected to gilve the
phase mergin desired at the propsr freauency.

Amplifier Design

9. PFrom past experience, it was founc. that a practical system
could be dﬁsigned using two half-wave, bridge-type, magnetic
aimplifiers™ having two stages cach. Tle circuit ciagram of

the amplifier used is shown in filgure ), while the core detalls
are given in flgure 4. The requiremer.is are one tmplifier to
drive the motor and supply gailn for tlrc« tachometer compensa-
tion locr and one amplifier with poeit ve integral fecdback

to form the integrator.

10. There are a number of restrlctiors placed on static per-
formance of th2 ampliliflers. The amplifier that drives the
motor muat, with full outpu., drive the motor sufficlently
fagt to meet tae specification of maxirum slewing rate. In
addition, this anmplifi:r murt supply sifficient gain to the
tachometer loop o provide proper compensation. The amplifier
to be ured in the ifategrator must have sufficient output in
1%3 lLinear range to ovarride the tachoreter voltage and drive
tne 2eccnd amplirier to ful., output with the motor running at
ton speed.

Outpu.t Member

11. The block dilagram of :ile ouiput nmember is shcocwn in
figure 5. The natural frequency of a Ifudrd Mark 12, 400-cycle
servomotor 18 approximately 24 radians per second. The added
inertia required by the specifications plus the mctor charac-
teristics mike the natural rfrequency <f che mecharical system
aporoximately cight radians per second. The additilon of the
tachometer In a ffeedback 1oop as8 showr in flgure 5 will
increase the natural frequency of the cutput member to
approximately 60 radimiis per second. 7This natural frequency,
1/Ty, 18 of the proper magunituede to glie a well-deamped, com-
plete system with a bhandwidth of 20 racisns per second when
the integrator t'me constant is made levme encugh.

Integrator

12. The block d‘agrsm of the iIntegratcr is shown in figure ©.
The over-all transfer “unction of this circuit is (see
relerence 1):

Bo _ KpiTuon) ta. (6)
Eq T o

3
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when the gain

abKp = 1 . Eq. (7)
(3ee figuvre 6 for definition of a, b, ¢nd T.)

h2 gain Kp 18 the d-c gaim of the amp ifier (d-c¢ volts out
divided by d-c¢ volts 1n§?

13. Wher the inuegrator of figure 5 it used with the output
memecer described above, the integrator time constant must be
0.16T7 second for the maximum phase mari.in of the complete sys-
tem to occur at the spacified bandwidtl. of 20 radians per
second. For these values the maximum j hase margin is 55 degrees.
A phase margin of 45 degreer gives a well stablilized system;
therefore, the above system could have the loop closed anywhere
from 8 tc 50 radians per scecond. An licrease in integrator
t.ne constant will make the system more stable at the maximum
phase margin and increase the range of frequencies over which
the system w111l be stable.

Complete System

14. The c¢ircuit diagram of the complete aystem showing parameter
values external to the amplifier is shcwn in figure 7. The
parameter values were 32t approximatel; by the abhove techniques
and then readjused experimentally for optimum performance

with the mark ! - otor. The only essertial change was in the
integrator cvimc .._nstant which was incrcased from u.167 second

to 0.250 second.

15. A Mark 1o motor was sutstituted f<r the Mark 32 motor and
the system characteris:ica vere essent!ally unchangec. The
syatem 8till met all the dyramlic specitications and was stable.
The closed-loop, frequency-response curves of the system using
both motors are shown tn figure 8. The curves show that the
magnetic coatroli amplifier IM-13A works equally well with either
the Marxk 12 or Mirk 16 motor.

Conc lusions

16. 7The characteristics of the XM-13A magnetic control ampli-
fier with the sinulated Joac, given in Table I, are well within
the performance characteristica required.

17. The advantages of this ccatrol amplifier, in addition to
those inherent in magn:etic ¢mplifiers in general, are twofold.
Mark 12 and Mark 16 movors fre interchengeable when this control
amplifier 13 used, and all the cores uted in this amplifier

are the game size with the zame windinze. These advantages

are mainly {rom & production standpoint.

4
RESTRICTED
SECURITY INFORMATICN

,
]
]
|
H
z
|
?
|
!

e




e TR s s T T LW ST R RS TEE W LL Ae e SRt S e RRERERRR S TR R R

RESTRYCTED
NAVORD Report 27357

13. ''he engineering of this control anplifier to meet the
AN-E-19 temperature, voltage, and frequency specifications
is a matter of properly selccting and natching components .
The extent and complexity of the matcliing and selecting procedure
mitst be determin2d experimentally.

|
?
|
|
|
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